This study provides new low-temperature thermochronometric data, mainly apatite fission track data on the basement rocks in and adjacent to the Talas-Fergana Fault, in the Kyrgyz Tien Shan in the first place. In the second place, we also present new detrital apatite fission track data on the Meso-Cenozoic sediments from fault related basins and surrounding intramontane basins. Our results confirm multistaged Meso-Cenozoic tectonic activity, possibly induced by the accretion of the so-called Cimmerian blocks to the Eurasian margin. New evidence for this multi-staged thermo-tectonic activity is found in the data of both basement and Meso-Cenozoic sediment samples in or close to the Talas 
Introduction
The Tien Shan (or Tian Shan) is a 2500 km long intracontinental mountain belt located in northwest China, Kyrgyzstan, Kazakhstan, Tajikistan and Uzbekistan and forms the southwest part of the Central Asian Orogenic Belt (CAOB) (Fig. 1) . The CAOB represents a mosaic of Precambrian and Palaeozoic blocks, accreted during the closure of the Paleo-Asian ocean (Sengör et al., 1993; Filippova et al., 2002; Khain et al., 2003; Konopelko et al., 2007; Windley et al., 2007; Xiao et al., 2008; Glorie et al., 2011; De Grave et al., 2012; Wilhem et al., 2012) . During the Mesozoic and Cenozoic, parts of the CAOB were reactivated in response to far-field accretion-collision events along the (Eur)Asian margin, with a final and still active late Cenozoic phase related to the India-Eurasia collision (Molnar and Tapponier, 1975; Watson et al., 1987; Dumitru et al., 2001; De Grave et al., 2007; Jolivet et al., 2010; De Pelsmaeker et al., 2015; Glorie and De Grave, 2016; Käßner et al., 2016 Käßner et al., , 2017 . During these reactivation phases, deformation is often partitioned along inherited, weak crustal structures (Yin and Harrison, 2000; Dumitru et al., 2001; Aitchison et al., 2007; Kapp et al., 2007; Glorie et al., 2010; Wack et al., 2014; Jolivet, 2015) . In this context, the currently active 500 km long NWeSE oriented intracontinental dextral strike-slip Talas-Fergana Fault (TFF) is an important inherited Palaeozoic structure and has generated an estimated accumulated offset of more than 100 km since the end of the Palaeozoic (Burtman et al., 1996; Konopelko et al., 2013; Rolland et al., 2013; Bande et al., 2015b; Burtman, 2015; Alexeiev et al., 2017) (Figs. 1 and 2 ). The fault represents the southern part of the larger KarataueTalaseFergana Fault that extends from southern Turgay in Kazakhstan to western Tarim in China. The TFF has evolved in three discrete phases of deformation, during three stages: (1) in the late Permian and Early Triassic; (2) in the Early and Middle Jurassic; and (3) in the late Cenozoic (Thomas et al., 1993; Burtman et al., 1996; Sobel, 1999; Allen et al., 2001; Konopelko et al., 2013; Rolland et al., 2013; Bande et al., 2015b; Alexeiev et al., 2017) , but the timing of the associated crustal exhumation is still poorly understood. This study aims to better constrain the Meso-Cenozoic tectonic evolution of the TFF and the tectonic response of the adjacent basement blocks in terms of exhumation and associated mountain building, erosion and sediment accumulation in the nearby intramontane basins.
The first part of this study presents new low-temperature thermochronological data from basement blocks along and near the TFF, i.e. 20 apatite fission track (AFT) ages, 2 zircon (UeTh)/He ages, 1 apatite UePb age and the associated thermal history models. The second part of this study presents 17 new detrital AFT ages and confined track length data of 5 samples from Mesozoic and early Cenozoic sediments, obtained from the surrounding intramontane Tien Shan basins: Fergana, Yarkand-Fergana and Ming-KushKökömeren basins (Figs. 1 and 2). The analysed sediment samples fit in detailed sedimentary logs of De Pelsmaeker et al. (2018) and for 11 of the 17 analysed samples it was possible to compare the obtained AFT results with the zircon UePb results from the same detrital sample. Hence, we present this new multi-method chronological data and integrate them with existing results for the Tien Shan (Dumitru et al., 2001; Sobel et al., 2006a,b; De Grave et al., 2007 , 2011a , 2012 Glorie et al., 2010 Glorie et al., , 2011 Jolivet et al., 2010; Macaulay et al., 2014; Bande et al., 2015b Bande et al., , 2017 Glorie and De Grave, 2016) to gain more insights in the Meso-Cenozoic reactivation and burial history of the region.
Geological setting

Pre-Mesozoic evolution
Paleozoic complexes in the Kyrgyz Tien Shan are traditionally divided into three major tectonic units: Northern Tien Shan (NTS), Middle Tien Shan (MTS) and Southern Tien Shan (STS) (e.g. Windley et al., 2007; Konopelko et al., 2008; Seltmann et al., 2011; Alexeiev et al., 2016) (Fig. 2) . The NTS mainly consists of Precambrian continental fragments related to the Kazakhstan paleocontinent (e.g. Kröner et al., 2013) . The basement is extensively intruded by Cambrian to Silurian granitoids related to major collisions A lty n-Ta gh F au lt T a la s -F e r g a n a associated with the formation of the Kazakhstan paleocontinent (Glorie et al., 2010; Kröner et al., 2013; Alexeiev et al., 2016) . The NTS is additionally affected by Late DevonianeCarboniferous magmatism associated with the evolution of a continental magmatic arc, and by Early Permian post-collisional granitoids (Konopelko et al., 2008; Biske and Seltmann, 2010; Kröner et al., 2013) . The NTS is now separated from the MTS by the EeW oriented Nikolaev Line, which represents a combination of late Paleozoic thrusts and strike-slip faults (Fig. 2) . To some extent it runs sub-parallel to the Ordovician Terskey suture (e.g. Burtman, 2010) . The NTS and MTS units were welded together during the Middle Ordovician and subsequently evolved as the southern margin of the Kazakhstan paleocontinent. The MTS represents a collage of Precambrian microcontinental fragments in the north Compilation of available published apatite fission-track (AFT) ages from crystalline and pre-Mesozoic basement rocks is based on data from Sobel et al. (2006a, b) , Glorie et al. (2010 ), De Grave et al. (2011a , 2012 , Macaulay et al. (2013 Macaulay et al. ( , 2014 , Bande et al. (2015a Bande et al. ( , 2017 , Käßner et al. (2016) and an Ordovician arc in the south (e.g. Alexeiev et al., 2016; Kröner et al., 2017) . The microcontinental fragments consist of Paleoproterozoic gneisses, Neoproterozoic granitoids and felsic volcanic rocks, overlain by Neoproterozoic to Ordovician passive margin sediments. In addition, Permian (post-)collisional igneous rocks, related to the closure of the late Paleozoic Turkestan Ocean, were emplaced in the MTS (Konopelko et al., 2007; Biske and Seltmann, 2010; Jolivet et al., 2010; Seltmann et al., 2011; De Grave et al., 2013; Liu et al., 2014) (Fig. 2) . The Turkestan Ocean was an oceanic branch that still separated Paleo-Kazakhstan from Tarim at that time (e.g. Windley et al., 2007) . In central Kyrgyzstan, the MTS and STS are separated by the ophiolite-bearing Atbashi-Inylchek or South Tien Shan suture which formed around 310e280 Ma (e.g. Konopelko et al., 2007; Loury et al., 2016) . The STS represents a late Paleozoic accretionary complex and collisional belt (with Silurian to Lower Permian sediments and igneous rocks) related to the Pennsylvanian closure of the Turkestan Ocean (320e300 Ma) and collision of Kazakhstan (including the NTS and MTS) with the Tarim microcontinent (Windley et al., 2007; Alekseev et al., 2009; Biske and Seltmann, 2010; Biske et al., 2013; Liu et al., 2014; Burtman, 2015; Alexeiev et al., 2016; Käßner et al., 2016; Loury et al., 2016) . This Turkestan closure led to the final assembly of the ancestral Tien Shan and was accompanied by significant collisional and post-collisional magmatism. Subsequently, the entire Tien Shan experienced transpressive deformation during the PermianeEarly Triassic, which was responsible for dispersed rotations and shear movements along strike-slip faults (e.g. Bazhenov et al., 1999; Van der Voo et al., 2006; Rolland et al., 2013; Burtman, 2015) . One of the most prominent faults is the NWeSE oriented Talas-Fergana Fault (TFF), that intersects the NTS, MTS and STS (Fig. 2) . The TFF played an important role in the post-Paleozoic evolution of the Tien Shan.
Mesozoic and Cenozoic intracontinental evolution
During the Mesozoic and Cenozoic the region was repeatedly reactivated as a result of collision-accretion events at the (Eur)Asian margins (Sengör, 1984; Watson et al., 1987; Hendrix et al., 1992; De Grave et al., 2007 , 2011a Jolivet et al., 2010 Jolivet et al., , 2013 Jolivet, 2015) . The extent and context of these reactivation events can be traced by studying basement exhumation, associated erosion and sediment accumulation in the nearby basins using multichronometric methods (Dumitru et al., 2001; Sobel et al., 2006b; De Grave et al., 2007 Jolivet et al., 2013; Macaulay et al., 2014; Yang et al., 2014; Tang et al., 2015; Käßner et al., 2016; Zhang et al., 2016; Wang et al., 2017) . Previous and ongoing research link distinct Mesozoic basement exhumation phases to the protracted accretion of peri-Gondwanan 'Cimmerian' blocks to the southern Eurasian margin (e.g. Hendrix et al., 1992; De Grave et al., 2007; Angiolini et al., 2013; Glorie and De Grave, 2016) . It includes the collision of the Qiangtang block during the Late TriassiceEarly Jurassic, the Lhasa block during the Late JurassiceEarly Cretaceous and the less well-understood Karakoram and Kohistan-Ladakh arc during the Late Cretaceous (e.g. Sengör, 1984; Watson et al., 1987; Kapp et al., 2007; Roger et al., 2010; Jolivet, 2015; Gillespie et al., 2017) .
In the Early Mesozoic, the Tien Shan acted as an uplifted, physiographic barrier between the Junggar and Kazakh basins to the north, and the Tarim Basin to the south (Carroll et al., 1995; Hendrix, 2000; Jolivet, 2015) . The Tarim and Junggar basins ( Fig. 1 ) accumulated a significant amount (w5 km) of Mesozoic sediments (Hendrix, 2000) , while in the Kyrgyz Tien Shan sedimentation was limited to smaller, isolated basins. In the Kyrgyz Tien Shan, the Mesozoic sedimentary record starts in the EarlyeMiddle Jurassic. The Yarkand-Fergana Basin (Fig. 2) accumulated the most Jurassic sediments (locally >3 km), related to contemporaneous tectonic activity along the TFF (Belgovskiy et al., 1958; Hendrix et al., 1992; Allen et al., 2001; De Pelsmaeker et al., 2018) . During the Early and Middle Jurassic, strike-slip deformation occurred along the TFF, which is related to the formation of the NWeSE striking South Turgay, Leontiev Graben and Yarkand-Fergana releasing bend and pull-apart basins (Burtman et al., 1996; Sobel, 1999; Allen et al., 2001; Yin et al., 2012; Alexeiev et al., 2017) . Elsewhere in the Kyrgyz Tien Shan, the Early to Middle Jurassic sedimentary deposits are thinner, more condensed, and comprises organic-rich fluvial and lacustrine strata with a maximum thickness of a few hundred meters (Hendrix et al., 1992; Bachmanov et al., 2008; De Pelsmaeker et al., 2018) . Studies indicate that after a rapid basement exhumation phase during the Late TriassiceEarly Jurassic, the Tien Shan underwent significant peneplanation. Low-temperature thermochronological research on the Song Kul plateau yielded AFT ages ranging between 206 and 183 Ma and titanite FT ages between 231 and 193 Ma (De Grave et al., 2011a) (Fig. 2) . This rapid Late TriassiceEarly Jurassic cooling phase is only locally preserved in the basement rocks, and is likely related to the accretion of the QiangtangeKunlun terranes to the Eurasian margin in the Late Triassic (Sengör, 1984; Yin and Harrison, 2000; Schwab et al., 2004; De Grave et al., 2011a; Jolivet, 2015; Glorie and De Grave, 2016) .
During the Late JurassiceEarly Cretaceous, almost no sediments were deposited or preserved in the Kyrgyz Tien Shan east of the TFF; while to the west, in the Fergana and Yarkand-Fergana basins, sedimentation still continued but the sediments are deposited in a shallower depositional environment compared to the EarlyeMiddle Jurassic setting (e.g. De Pelsmaeker et al., 2018) . In the Fergana Basin, thick alluvial fan conglomerates are deposited during the JurassiceCretaceous transition. Similar conglomerates also occur in the Junggar and Tarim basins and can be explained by the combined effects of a renewed compressive phase and a regional aridification event (Hendrix et al., 1992; Hendrix, 2000; Jolivet et al., 2013 Jolivet et al., , 2015 Jolivet, 2015; De Pelsmaeker et al., 2018) . A renewed compressional phase is also documented by a (locally preserved) Late JurassiceEarly Cretaceous basement cooling episode, with few AFT and ZHe ages of w160e130 Ma and a more abundant population around w130e100 Ma ( Fig. 2 ; Glorie and De Grave, 2016, and references therein) . Basement cooling in the Kyrgyz Tien Shan in the Early Cretaceous (e.g. De Grave et al., 2012) might be linked to the closure of the Bangong Ocean between Lhasa and the Qiangtang blocks around 130 Ma and subsequent slab break off around w110 Ma (Kapp et al., 2007; Zhu et al., 2011 Zhu et al., , 2016 Chen et al., 2014) . Furthermore, influence of the diachronous closure of the Mongol-Okhotsk during the JurassiceCretaceous, connecting Mongolia and North China to Siberia might have had an influence (Zorin, 1999; Metelkin et al., 2010 Metelkin et al., , 2012 Wilhem et al., 2012) , although it is thought that this event mainly affected the areas to the northeast of the Tien Shan, such as the Altai-Sayan region (De Grave et al., 2007 , 2009 Glorie et al., 2012a; Jolivet et al., 2013; Glorie and De Grave, 2016) .
During the Late CretaceouseEarly Paleogene, the sedimentary record in the Fergana and YarkandeFergana basins is characterized by alluvial plain and shallow lake deposits with some marine incursions; while the Tien Shan east of the TFF was likely characterized by a slowly eroding, relatively flat topography where continental sedimentation resumed during the early Paleogene (Burtman et al., 1996; Sobel, 1999; Bosboom et al., 2015) .
The most recent reactivation of the Kyrgyz Tien Shan initiated in the late OligoceneeMiocene and is a far-field effect of the ongoing IndiaeEurasia convergence and subsequent collision (Molnar and Tapponier, 1975 ). This event affected major fault zones in the Tien Shan, including the TFF (Burtman et al., 1996; Bande et al., 2015b Bande et al., , 2017 Jia et al., 2015; Alexeiev et al., 2017) , and is recorded in lowtemperature thermochronological data as well (Yin and Harrison, 2000; Sobel et al., 2006a,b; De Grave et al., 2007; Glorie et al., 2010 Glorie et al., , 2011 Macaulay et al., 2014; Bande et al., 2015b Bande et al., , 2017 De Pelsmaeker et al., 2015; Wang et al., 2017) . It is equally well documented in the sedimentary record by the accumulation of thick continental deposits from high-energetic sedimentary settings since the Late Oligocene (Burtman et al., 1996; Bande et al., 2015a,b; W. Yang et al., 2015) . Studies of Burtman et al. (1996) , Korzhenkov et al. (2014) and Trifonov et al. (2015) indicate that the TFF is still active with an average slip rate estimated at w9e14 mm/a based on radiocarbon dating of terraces displaced by the fault.
Methods
3.1. Apatite fission track dating 3.1.1. General principles Apatite fission track (AFT) dating is a low-temperature thermochronological method based on the spontaneous nuclear fission of 238 U, which is present as trace element in the crystal lattice of apatite. This process produces sub-microscopic linear radiation damage tracks (or fission tracks) in the crystal lattice. These are then chemically etched in order to reveal the tracks for optical microscopic analysis. At temperatures (T) lower than ca. 60 C, fission tracks in apatite are considered stable on geological time scales, whereas at T > w120 C the crystal lattice regenerates and the fission tracks anneal rapidly (e.g. Wagner and Van den haute, 1992; Ketcham et al., 1999) . The 60e120 C temperature window (AE2e4 km crustal depth) is referred to as the Apatite Partial Annealing Zone (APAZ). In the 60e120 C window, tracks can accumulate but are progressively shortened (i.e. partial annealing). The rate of this process depends partly on the chemical composition of the apatite crystal (Green et al., 1989; Wagner and Van den haute, 1992; Carlson et al., 1999; Barbarand et al., 2003) . The AFT age, based on the measurement of the spontaneous fission track density, hence dates the time since fission tracks became thermally stable by cooling of the apatite-bearing rock through the APAZ. All samples were analysed with the external detector (ED) method using thermal neutron irradiation, following the standard procedure from the AFT laboratory at Ghent University (e.g. described by De Grave and Van den haute, 2002; De Grave et al., 2009 , 2011a Glorie et al., 2010) . Spontaneous fission tracks in apatite were etched in a 2.5% HNO 3 solution for 70 s at 22 C (analysts J. De Grave and S. Glorie) or in a 5.5 M HNO 3 solution for 20 s at 21 C (analysts E. De Pelsmaeker and S. Nachtergaele). Induced tracks were revealed in the muscovite ED with 40% HF for 40 min at 20 C. Irradiation was carried out in the Belgian Reactor 1 (BR1) facility of the Belgian Nuclear Research Centre in Mol. Obtained AFT ages are calculated using the Overall Mean Weighted Zeta using Durango (McDowell et al., 2005) and Fish Canyon Tuff (Hurford and Hammerschmidt, 1985) apatite age standards and IRMM 540 glass dosimeters (De Corte et al., 1998) , and are reported as conventional mean zeta-ages (Hurford and Green, 1983; Hurford, 1990) for the basement samples and as central ages (Vermeesch, 2009) for the detrital samples (Section 3.1.2).
In addition to the AFT age, the track length distribution is often used to determine the nature of the cooling paths and allows the reconstruction of the timeetemperature history of the basement rocks by thermal history modelling (Ketcham et al., , 2007 Gallagher, 2012) . Where possible, a minimum of 100 horizontal confined tracks for each basement sample were measured on 1250Â magnification with a KONTRON-MOP-AMO3 digitizing tablet to construct length-frequency distributions. For some samples, no length data was available due to low spontaneous track densities and/or a low number of suitable grains.
Thermal history modelling was performed on basement samples with a sufficient number (w50 or ideally 100) of lengths using the QTQt software from Gallagher (2012) , the Ketcham et al. (2007) annealing equations and the Monte Carlo Markov Chain search method for inverse modelling. At least 10 5 iterations were performed in a fixed timeetemperature (teT) frame ranging from 120 C to 10 C and from 250 Ma until present-day. The timee temperature path with the highest probability that gives the best fit with the fission track data is represented by the red path (i.e. maximum likelihood model) (Fig. 3 ). The black path (i.e. expected teT model) is used for a more robust interpretation of the thermal history model (Gallagher, 2012) (Fig. 3) . A comparison between the traditional external detector method and the more recently developed LA-ICP-MS method (Hasebe et al., 2004 ) is made for one basement sample (AI-45). One apatite mount for this sample was etched in 5 M HNO 3 for 20.0 AE 0.5 s at 20.0 AE 0.5 C to expose the spontaneous fission tracks and subsequently imaged on a Zeiss AXIO Imager M2m Autoscan System at the University of Adelaide. Fission track densities were measured using the FastTracks software and AFT ages were calculated using U concentrations, obtained simultaneously with the apatite UePb data acquisition. More details on the methodology are described in Gleadow et al. (2015) , Gillespie et al. (2017) , Glorie et al. (2017) .
Detrital AFT dating application
In a sedimentary rock sample, different AFT age populations can be present because the sample possibly contains material originating from source terranes that experienced different teT histories. The obtained single grain-age distributions for the detrital samples in this study are visualised by an abanico plot, which combines a radial plot with a Kernel Density Estimation (KDE) plot (Galbraith and Green, 1990) , using the RadialPlotter software (Vermeesch, 2009) . Central ages were calculated and a minimum age model was performed as well with the RadialPlotter software (Vermeesch, 2009) . The homogeneity of the single-grain ages can be tested with a chi-squared test (c 2 ; Galbraith, 1981; Green, 1981) .
If the sample passes the chi-squared test (P(c 2 ) > 5%; Galbraith, 1981 , Green, 1981 , then it is assumed to be homogeneous; the single-grain ages belong to the same age group and the sample mean age is expressed by the central age. If the sample fails the chisquared test (P(c 2 ) < 5%; Galbraith 1981; Green 1981) , then the sample possibly consists of a mixture of grains of different age populations. The spread of the single grain ages can also be evaluated by the age dispersion, i.e. for homogeneous populations of grain ages dispersion is normally <20% (Galbraith and Laslett, 1993) . The obtained age components are compared with the cooling ages obtained for the hinterland and allow us to collect information on the provenance and the timing of exhumationdenudation in the adjacent basement sources. However, for detrital AFT dating, the provenance record can be (partially) erased (i.e. reset) by moderate levels (>2 km or >70 C) of postdepositional burial-related heating (Green et al., 1989) . As a possible indicator of this post-depositional annealing process, causing both age and confined track length reduction (Green et al., 1989) , we have measured confined track lengths in the suitable samples in which a significant number of confined tracks could be measured. Track lengths were measured on 2000Â magnification on a Nikon Eclipse NI-E microscope with a DS-Ri2 camera attached. Further on, we will link the new detrital AFT results to the detrital zircon UePb data from the same sedimentary sections (and where possible to the same samples) from De Pelsmaeker et al. (2018) to interpret the results. This multi-method approach enables an evaluation of possible changes in provenance because the highertemperature zircon UePb thermochronometer is insensitive to typical burial temperatures of sedimentary basins, specifically with respect to AFT annealing temperatures.
Zircon (UeTh)/He dating
Zircon (UeTh)/He (ZHe) dating is a low-temperature thermochronological method based on the temperature-dependent diffusion process of alpha, a particles ( Th in zircon. While He particles are expelled from the crystal lattice at high temperatures, they can remain trapped in the lattice at low temperatures. The mineralspecific Partial Retention Zone (PRZ) is the temperature window in which He is partially retained. The closure temperature (complete He retention) of the ZHe age system is w175e195 C for crystals of 40e100 mm in width that experienced a cooling rate of w10 C/Ma (Reiners et al., 2004) . Hence, a ZHe age of a basement sample will be expected to be higher than its AFT age because the closure temperature of the AFT system is lower (see Section 3.1.1).
Four euhedral, inclusion-free zircons of two basement samples in close vicinity of the fault (AI-45 and KYR-05) with a minimum width of 75 mm were cleaned and wrapped separately in Nb tubes (Table 1, Fig. 2 ). These Nb tubes were heated and degassed, followed by the determination of 4 He concentration with isotope-dilution mass-spectrometry at the John de Laeter Center for Isotope Research at Curtin University (Perth, Australia). The determination of the U and Th concentrations was performed using isotope dilution ICP-MS. A detailed description of all analytical procedures can be found in Evans et al. (2005) . The alpha ejection factor corrects the ZHe age for the amount of 4 He (a particles) that were ejected from the edges of the crystal due to the initial kinetic energy of the particles inherited from the a-disintegration reaction (Farley et al., 1996; Farley, 2002) . The alpha ejection factor utilizes the geometry of the crystal and the assumption of an ideal, unbroken crystal morphology. Four different zircon crystal aliquots were analysed for each sample, because anomalously ZHe ages often need to be Coarse-grained sandstone Jurassic AFT discarded due to tiny alpha-emitting micro-inclusions (e.g. monazite) and/or He trapping in radiation damaged zones of the crystal lattice (Reiners et al., 2004) .
Apatite UePb dating
The apatite UePb (AUPb) dating method is based on temperature dependent diffusion of Pb in apatite and has a closure temperature (T c ) of w350e550 C (Chew and Spikings, 2015) . Hence, AUPb is a medium to high temperature thermochronometric technique, whereas the aforementioned AFT (T c w 100 C), and ZHe (T c w175e195 C) technique define the low temperature thermochronology. Apatite grains for one sample (AI-45) were analysed for U and Pb isotopes in the University of Adelaide using a New Wave UP213 laser connected to an Agilent-7900 ICP-MS, using similar settings as in Glorie et al. (2017) . Calibrations and data reduction were conducted using Madagascar apatite as primary standard (ID-TIMS UePb age of 473.5 AE 0.7 Ma; Chew et al., 2014 Chew et al. (2011 Chew et al. ( , 2014 .
Results
Basement thermochronology: AFT, ZHe and apatite UePb results
The apparent AFT ages of the twenty basement samples range from early Cretaceous to early Eocene and can be interpreted in terms of episodic basement cooling and protracted residence in the apatite Partial Annealing Zone (Figs. 2 and 3; Table 2 ). Fourteen Ordovician-Silurian granitoid samples and one Carboniferous meta-sandstone (KB-122) from in the NTS, four CarboniferouseEarly Permian granitoid samples from the MTS and one CarboniferouseEarly Permian granite from in the Alai Range in the STS ( Fig. 2 ; Table 1) were analysed. All basement samples pass the chi-squared test (>5%) ( Table 2 ). In total, 12 thermal history models are reconstructed using the QTQt software (Gallagher, 2012) based on samples with a sufficient to acceptable number of horizontal confined tracks ( Fig. 3 ; Table 2 ).
The five samples (KB-131 to KB-135) from the Kavak-Tau Range (Fig. 2) , north of the town of Ming-Kush, fit in a vertical profile ranging from 2800 to 4100 m in altitude and exhibit AFT ages ranging from the Early Cretaceous, 134.6 AE 6.5 Ma (KB-131) to the early Paleogene, 53.5 AE 3.0 Ma (KB-135). These samples yield relatively low mean track lengths between 11.8 and 12.7 mm, typical for undisturbed slowly cooled basement rocks (Fig. 3 , Table 2 ). The (three-phased) thermal history models of KB-131eKB-134 indicate continuous Cretaceous basement cooling, followed by a very slow cooling or even stagnation during the Paleogene (Fig. 3) . Cooling to ambient temperatures eventually transpired since the Neogene, although some model artefact could overestimate this.
The horizontal profile between Ming-Kush and Song Kul lake (KB-121 e KB-124; Fig. 2 ) shows AFT ages from the earliest Cretaceous (145.4 AE 9.5 Ma) to the Late Cretaceous (80.2 AE 5.6 Ma) ( Table 2 ). These four samples have relatively low mean track lengths between 12.0 and 12.7 mm (Table 2) . Thermal history models of KB 121-124 exhibit a comparable three-phased evolution as for the vertical sampling profile (KB-131eKB-135) (Fig. 3) . Four additional samples from the western NTS (TF-15, TF-16, TF-23 and KYR-02) show Cretaceous AFT ages ranging from 115 to 100 Ma and relatively low mean track lengths of 11.7e12.8 mm. TF-06 is located north of the Toktogul lake (Fig. 2) and yields an Eocene AFT cooling age. Its thermal history model is only based on 43 confined track Table 2 Basement apatite fission track analysis results. n is the number of counted apatite grains. r s and r i correspond to the density of spontaneous tracks (in the apatite) and induced tracks (in the muscovite external detector, ED) respectively. r d -values are interpolated values of the density of induced tracks in the ED irradiated against regularly spaced Uranium-doped dosimeters (IRMM-540) in the irradiation package. r s , r i and r d are expressed as 10 5 tracks/cm 2 . N s and N i are the number of counted spontaneous tracks (in the apatite) and induced tracks (in the ED) respectively. N d is the interpolated value of the number of counted induced tracks in the ED irradiated against the same glasses. P(c 2 ) is the chi-squared probability that the dated grains have a constant r s /r i -ratio. AFT ages are reported as zeta-age t(z) (in Ma), calculated with the zeta calibration factor that is based on Durango and Fish Canyon Tuff age standard analyses. AFT length results are reported as mean track length (l m in mm) with standard deviation s (in mm), obtained from the measurement of an amount (n l ) of natural, horizontal confined tracks. For some samples, no AFT length data is reported due to low spontaneous track densities and/or a low number of suitable grains. Length data and subsequent thermal history modelling of samples in italic are based on low amounts of measured tracks and should be treated with caution. The AFT analyst is indicated in the last column (A), with DG (J. De Grave, z ¼ 253.1 AE 2.4), GL (S. Glorie, z ¼ 259.1 AE 3.3) and NA (S. Nachtergaele, z ¼ 286.2 AE 4.7).
Sample n r s (AE1s) (Fig. 2) . The samples from the Kazarman pass site (KYR-15, AI-44 and AI-45) yield AFT ages from 130 Ma to 110 Ma (Table 2) . Younger, Cretaceous AFT ages of w100e70 Ma are obtained on the TFF segment south of the Toktogul lake in samples KYR-04 and KYR-05 ( Fig. 2; Table 2 ). LA-ICP-MS based AFT analysis on AI-45 determined a central age of 132.0 AE 5.2 Ma, based on 23 apatite grains. This central age is, within 1s uncertainty, similar to the central age that has been obtained with the external detector method (127.7 AE 4.8 Ma).
ZHe dating (T c w175e195 C) for two of these basement samples from faulted blocks close to the TFF, AI-45 and KYR-05, yield Late Jurassic mean ages of 160.3 AE 5.3 Ma and 155.4 AE 6.0 Ma respectively (Table 3) . For both AI-45 and KYR-05, one anomalously old single grain ZHe age was excluded in the calculation of the mean ZHe age. The anomalously high age could possibly be related to alpha-emitting mineral micro-inclusions (e.g. monazite) or Hetrapping due to radiation damage in the zircon crystal (Guenther et al., 2013) (Table 3 ). The mean ZHe age based on three out of four aliquots is for both samples older than their corresponding AFT age of 127.7 AE 4.8 Ma and 97.5 AE 6.7 Ma respectively (Tables 2 and  3 ). The three ZHe single grain ages, the AFT ages and track length information and the apatite UePb age (see next paragraph) were used for thermal history modelling of sample AI-45. A radiation damage model (Guenther et al., 2013) appropriate for zircon was incorporated in the thermal history model of AI-45. The wellconstrained thermal history model and moderately high mean track length of AI-45 indicate rapid cooling trough the APAZ around w130e120 Ma (Fig. 3) Pb age of 285.8 AE 4.1 Ma for AI-45 is consistent with earlier published data of Late Paleozoic post-collisional intrusives with zircon UePb ages of 290e275 Ma (Seltmann et al., 2011) . These deformed intrusives exhibit Permo-Triassic to Early Jurassic 40 Are 39 Ar ages obtained on synkinematic muscovite (T c w 400 AE 50 C) and biotite (T c w 335 AE 50 C) (Harrison et al., 1985; Konopelko et al., 2013; Rolland et al., 2013) . Geographically isolated sample F11-775 originates from the Alai Range, west of the TFF in the STS, and has an Early Cretaceous AFT age of 118.1 AE 6.5 Ma and a relatively high mean track length of 13.2 mm (Figs. 2 and 3) . The well-constrained thermal history model of F11-775 indicates cooling since the Cretaceous (Fig. 3) .
Detrital apatite fission track results
Ming-Kush-Kökömeren Basin
The Ming-Kush sedimentary section is located to the east of the TFF, in the narrow transpressive Ming-Kush-Kökömeren Basin, west of the Song-Kul plateau and close to the Nikolaev line (Fig. 2) . The analysed Jurassic sandstones fit in high-resolution sedimentary logs of the Jurassic and early Paleogene sediments (De Pelsmaeker et al., 2018) , exposed just north of the town of Ming-Kush. The maximum thickness in the Ming-Kush-Kökömeren Basin of the Jurassic sediments is 680 m and the overlying Paleogene-Neogene sediments do not exceed 2 km (Bachmanov et al., 2008) . Samples KS-126 and KS-128, with an Early to Middle Jurassic stratigraphic age (w200e160 Ma) based on plant fossils (Bachmanov et al., 2008) , yield central detrital AFT ages of 198 AE 16 Ma (n c ¼ 7 and P(c 2 ) ¼ 0.76) and 202.9 AE 9.2 Ma (n c ¼ 37 and P(c 2 ) ¼ 0.99), respectively (Table 4 , Fig. 4 ). For both samples, the central age is hence slightly older than their corresponding stratigraphic age. KS-126 and KS-128 yield relatively high mean track lengths of 13.5 mm (with a narrow distribution, moderate to low standard deviation of 1.6 mm) and 13.3 mm (with a narrow distribution, moderate to low standard deviation of 1.3 mm), based on 29 and 133 confined track length measurements respectively (Fig. 5 , Table 4 ). Therefore, it can be assumed that the AFT ages have not (or only slightly) been reset and that they reflect inherited AFT cooling age populations from the source areas (Figs. 4 and 6 ).
Fergana Basin
The other three sedimentary sections are located west of the TFF, one in the Yarkand-Fergana (section 4.2.3) and two in the Fergana basin (Fig. 2) . The two sedimentary sections of the Fergana Basin were studied close to the villages of Tash-Komyr and JetimDobo respectively. For each section, five JurassicePaleogene samples were analysed ( Figs. 2 and 4 ; Tables 1 and 4). The Tash-Komyr section is located in the northeastern part of the Fergana Basin and includes Jurassic, Cretaceous to early Paleogene sediments (Fig. 2) . The total thickness of the Meso-and Cenozoic sediments is estimated at 2400 m at the Tash Table 4 ), suggesting that the AFT system of these samples experienced a certain degree of partial resetting, due to post-depositional burial reheating. Three Paleogene samples (KS13-16, KS13-17 and KS13-18) were also analysed. From those, only less than 20 apatite crystals could be analysed for each sample (Table 4) . KS13-16 is sampled just below the marine Ypresian-Bartonian (Eocene) limestones and KS13-17 and KS13-18 were sampled in between (Fig. 4) . The single-grain detrital AFT ages obtained for these three samples are all older than the stratigraphic age (which is w40e55 Ma), and the central age for the pooled Paleogene samples is 104.5 AE 8.9 Ma (n ¼ 27 and P(c 2 ) < 0.05; Fig. 4 ; Table 4 ). Therefore, it is assumed that these samples are not affected by significant post-depositional reheating and preserve their inherited AFT age components. The Jetim-Dobo section is located in the southeastern Fergana Basin, and includes Jurassic, Cretaceous and early Paleogene sediments ( Fig. 2 
Yarkand-Fergana Basin
The Yarkand-Fergana Basin is located just to the southwest of the TFF and likely formed during an EarlyeMiddle Jurassic regional transtensional regime in which the TFF played a major role (Burtman, 1980; Sobel, 1999; Alexeiev et al., 2017) . The basin contains a remarkable thick (>3 km) succession of Jurassic sediments close to the fault, which taper out and become thinner away from the fault. From the Yarkand-Fergana Basin, five JurassiceCretaceous samples were analysed: two samples (KS-106 and KS-113) from the Terek section in the central part of the basin and three samples were sampled in incised river valleys in the northern part of the basin ( Fig. 2; Tables 1 and 4) . The ca. 2700 m thick Terek stratigraphic section includes the Middle Jurassic and a large part of the Cretaceous (De Pelsmaeker et al., 2018) . The Middle Jurassic sample KS-106 was taken ca. 50 m above the Palaeozoic basement contact and yields a central age of 25.1 AE 1.8 Ma (n c ¼ 82 and P(c 2 ) < 0.05). These data can be interpreted in terms of significant to total track annealing ( Figs. 4 and 6 ; Table 4 ). Cretaceous sample KS-113 is located 2000 m higher in the stratigraphic column and yields a central age of 61.1 AE 2.9 Ma (n c ¼ 105 and P(c 2 ) < 0.05). From the radial plot it is clear that the sample contains a mix of older and younger single grain AFT ages in respect to its stratigraphic age and can therefore be interpreted as partially reset (Fig. 4) . The MiddleeUpper Jurassic sample KS13-22 is sampled in close proximity of the TFF (Fig. 2) . A central age of 11.4 AE 0.9 Ma (n c ¼ 35 and P(c 2 ) < 0.05) is obtained and all single grain AFT ages are clearly younger than the stratigraphic age ( Fig. 4 ; Table 4 ). The sample can therefore be interpreted as totally reset. respectively, again significantly younger than their stratigraphic age. The latter two samples show a significant to total degree of track annealing because they contain a mixture of older and younger single grain AFT ages with respect to their stratigraphic age (Fig. 4) .
Discussion
In the following, we interpret our thermochronological results in terms of the Meso-Cenozoic tectonic evolution and associated basement cooling of the Kyrgyz Tien Shan, their denudation and sediment accumulation in developing intramontane basins.
Basement thermochronological data
The ZHe ages of samples AI-45 and KYR-05 (w160e155 Ma) located in the TFF zone demonstrate that the TFF was active in the early Late Jurassic (Oxfordian). Fault movements and associated potential hydrothermal activity channelled in the fault induced temperature high enough to reset the ZHe system. These results are in agreement with the EarlyeMiddle Jurassic 40 Ar/ 39 Ar ages obtained on deformed synkinematic mica of the same region (Rolland et al., 2013) . New basement AFT ages (145e53 Ma) span most of the Cretaceouseearly Paleogene period, with the most abundant AFT ages between 130 Ma and 100 Ma (Table 2) . Twelve samples in the NTS and MTS at the eastern side of the TFF (KB-123, KB-124, KB-132, KB-133, TF-15, TF-16, TF-23, KYR-02, KYR-05, KYR-15, AI-44, AI-45), and one sample (F11-775) from the Alai region at the western side yield such AFT ages (130e100 Ma) ( Fig. 2; Table 2 ). The mean track length for the samples with ages between 130 and 100 Ma is between 13.5 and 12.2 mm, while the mean track length tends to decrease (and the standard deviation increases) for samples with AFT ages ranging from 100 Ma to 65 Ma (TF-23, KB-133 and KB-134), as displayed on the "boomerang-shaped" age vs. mean track length plot of Fig. 7 . So, on Fig. 7 , only the half boomerang is exposed, giving us the signature of an exhumed fossil APAZ with an Early Cretaceous exhumation event (high AFT age vs. high mean track length) with a tail of mixed signature (the APAZ shortening) with AFT ages from the Late Cretaceous to Early Figure 3 . Thermal history models are reconstructed using the QTQt software (Gallagher, 2012) and the (Ketcham et al., 2007) algorithm and are applied to crystalline basement samples with a sufficient to acceptable number of measureable horizontal confined tracks (Table 2) . AFT length data is displayed with each thermal history model. The colour scale indicates high probability in red and yellow, and the blue colours indicate lower probability values. The central black curve and its surrounding envelope display the expected timetemperature (teT) model and the 95% probability range interval. The red line indicates the maximum likelihood model (Gallagher, 2012) . A fixed time-temperature interval of (0e120 C and 250e0 Ma) is maintained for every thermal history model. For each sample the AFT age is displayed, together with the mean length (l m ), standard deviation (s) and number of track lengths (n l ).
Table 4
Detrital apatite fission track analysis results. The stratigraphic age of each sample is abbreviated (J. ¼ Jurassic, Cr. ¼ Cretaceous, Pg. ¼ Paleogene). n c is the number of counted grains. r s and r i correspond to the density of spontaneous tracks (in the apatite) and induced tracks (in the muscovite external detector, ED) respectively. ) is the chi-squared probability that the dated grains have a constant r s /r i -ratio (Galbraith, 1981) . The AFT central age t(c) (in Ma), age dispersion (%) and minimum age (Min. age) are calculated using the RadialPlotter software (Vermeesch, 2009) . Mean track length (l m ), standard deviation (s) and the number of track lengths (n l ) are measured for the highest quality samples in which it was possible to measure a significant number of horizontal confined tracks. AFT analyst is indicated in the last column (A), with DP (E. De Pelsmaeker, z ¼ 264.2 AE 4.1) and NA (S. Nachtergaele, z ¼ 286.2 AE 4.7).
Sample name
Dep. age Paleogene and lower track length values. This is also evident from the thermal history models (Fig. 3) . Fig. 7 further suggests that the basement rocks of the NTS and MTS, with AFT ages from 130 to 100 Ma, cooled more rapid than the basement rocks of the NTS and MTS with AFT ages of 100e65 Ma. Comparable Late JurassiceCretaceous basement AFT ages are ubiquitously found in the NTS (Sobel et al., 2006b; Glorie et al., 2010; De Grave et al., 2011a Macaulay et al., 2014; De Pelsmaeker et al., 2015) , MTS (Glorie et al., 2011; Macaulay et al., 2014; Wang et al., 2017) and STS (Sobel et al., 2006a; De Grave et al., 2012; Käßner et al., 2016) (Figs. 2 and 5 ), but the AFT ages of 130e100 Ma seem to be more abundant in the Kyrgyz Tien Shan than the 100e65 Ma cooling ages (Glorie and De Grave, 2016) , although sampling bias can also have an influence here. We speculate that the sampled basement rocks with AFT ages ranging from 100 to 65 Ma are affected by a prolonged residence in the APAZ and represent an uplifted/exhumed APAZ. Therefore these latter ages are less meaningful and postdate the actual event.
Some authors find young Cenozoic AFT (and zircon He) ages, mainly Oligocene and Neogene, in and along the TFF fault zone, corresponding to the timing of the most recent and ongoing tectonic reactivation of the Tien Shan orogenic edifice (e.g. Yang et al., 2014; Bande et al., 2015a Bande et al., ,b, 2017 and references therein). They are mainly constrained to the horsetail structures at the northern (Chatkal ranges) and southern (Alai and Kokshaal ranges) ends of the TFF trace, but occur along the fault as well. This indicates that recent movements along the fault have induced basement exhumation as well. From the sampled basement blocks in this study, no such young ages were retrieved; as mentioned, the bulk of our basement samples yield Cretaceous AFT ages. For example, our sample AI-45, from a massive, un-sheared granite wall down the eastern flank of the Fergana Range (east of TFF, over the Kazarman and Kaldama passes down to Urumbash, Table 1 ) was analysed via different techniques. The sample was analysed by different operators (SN and SG), in different laboratories (Ghent and Adelaide), with different methods (traditional external detector and LA-ICP-MS respectively), and different etching conditions (5.5 M, 20 s, 21 C, analyst SN and 5.0 M, 20 s, 20 C, analyst SG). The obtained results for AI-45, using the different analytical protocols, confirm each other and render an Early Cretaceous AFT age (central AFT ages are 127.7 AE 4.8 Ma for the external detector method and 132.0 AE 5.2 Ma for the LA-ICP-MS based method). This sample was also analysed with the ZHe method as explained above, giving an average Late Jurassic age of w160 Ma (Table 3) . So for this area, a clear Late JurassiceEarly Cretaceous low-temperature thermochronometric signal is preserved.
Detrital AFT data and implications for burial depth
The Jurassic detrital sediment samples east (Ming-Kush-Kökö-meren Basin) and west of the TFF (Yarkand-Fergana and Fergana basins) clearly exhibit different AFT central ages. The Jurassic sediments of the Ming-Kush-Kökömeren Basin (KS-128 and KS-126) with TriassiceEarly Jurassic (w200 Ma) central AFT ages and high mean track lengths (w13.5 mm), indicate limited or no postdepositional burial resetting in this sample site. Hence, their ages reflect the inherited AFT age populations of the source areas. In the Jetim-Dobo section of the Fergana Basin, five sediment samples with depositional ages varying between the Jurassic-Cretaceous transition and early Paleogene show a gradual shift from partially reset (samples KS13-01, KS13-02, KS13-04 with AFT central ages w148e124 Ma) towards non-reset (samples KS13-08 and KS13-10 with central AFT ages of w130 Ma and 84 Ma respectively) AFT central ages (Figs. 4 and 6 ). The JurassiceCretaceous sample KS13-01 from Jetim-Dobo has a low mean track length of 11.6 mm, which is expected, since the sample is thought to be partially reset which indeed should result in annealing and track length shortening. Also in the Tash-Komyr section of the Fergana Basin a similar trend can be observed with partially reset AFT ages for the Jurassiceearly Cretaceous samples Paleogene sample KS13-10 of the Jetim Dobo section is mainly characterized by broadly distributed Cretaceous single grain detrital AFT ages, with a central age of 84.1 AE 3.9 Ma and mean track length of 11.9 mm. Just as KS13-08, this sample contains, Cretaceous single grain AFT ages with mean track lengths w12.0 mm. It is most plausible that the track length data are "inherited" from the source region, since the Late Cretaceous apatite fission track data typically yields lengths w12 mm (Fig. 7) . But, it is not possible to exclude the influence of post-depositional reheating and associated track length shortening. Paleogene samples KS13-16, KS13-17 and KS13-18 express broadly distributed single grain data with a pooled central age of w104.5 AE 8.9 Ma. It is not possible to draw any conclusions concerning age populations from this limited amount of single grain age data. Generally, Paleogene samples of the Fergana basin exhibit dispersed Cretaceous AFT single grain ages and show no clear signs of thermal resetting.
Since some Mesozoic samples experienced a different degree of thermal resetting through post-depositional burial, it is possible to draw preliminary conclusions concerning maximal burial depth. The Fergana basin is characterized by a continuous deposition of Mesozoic sediments from the Jurassic to the Cretaceous, while the Cretaceous sediments appear to be absent in the Ming-KushKökömeren Basin. Based on the contrasting AFT central ages of the Jurassic samples on both sides of the TFF, we propose that the Meso-Cenozoic basins of the Kyrgyz Tien Shan experienced a different post-Jurassic burial history. In the Yarkand-Fergana Basins to the west of the TFF, sedimentary burial must have exceeded w3e4 km deep to significantly to even totally resetting the AFT system, while sedimentary burial to the east of the TFF was less important and likely caused limited or no post-depositional burial resetting of the Jurassic sediments in Ming-Kush sample site.
Our findings are in good agreement with the study of Yang et al. (2014) , in which Middle Jurassic and Lower Cretaceous sediment samples of the Chinese part of the Yarkand-Fergana Basin are also completely reset and show central ages of 18.5 AE 5.2 Ma and 16.6 AE 2.8 Ma respectively, while the overlying Upper Cretaceous and Paleogene sediments are partially reset, and the Neogene sediments are not reset at all (Yang et al., 2014) . Some Early Cretaceous 'age components' are also preserved in two not-topoorly reset Cretaceous samples from the southwestern Chinese Tien Shan (Yang et al., 2014) . Cretaceous ages are also reported in other detrital AFT studies in the south(western) Kyrgyz and Chinese Tien Shan (Wang et al., 2009; Glorie et al., 2011; Yang et al., 2014; Jia et al., 2015) .
Tectonic evolution
Late TriassiceMiddle Jurassic
Late TriassiceEarly Jurassic basement cooling in the Tien Shan is recorded in multi-method low-temperature thermochronological studies of the Kyrgyz Tien Shan (e.g. De Grave et al., 2011a,b; Glorie and De Grave, 2016) and in the eastern Chinese Tien Shan (e.g. Jolivet et al., 2010; Zhang et al., 2016) . Basement cooling is likely a result of the Late TriassiceEarly Jurassic collision of the QiangtangeKunlun terranes with the Eurasian margin (Sengör, 1984; Watson et al., 1987; Yin and Harrison, 2000; Kapp et al., 2007) . This phase of rapid basement cooling is detected by thermochronology studies on the mountain ranges adjacent to the Song-Kul plateau for example, in which AFT ages of w231e193 Ma with high mean track lengths (w13 mm) and TFT ages of w230e190 Ma are preserved (De Grave et al., 2011a) , but are generally more scarce compared to the Cretaceous and Cenozoic AFT ages retrieved in the Kyrgyz Tien Shan, as visualized by Fig. 2 (Glorie and De Grave, 2016) . Detrital AFT data indicate Late Triassic AFT age components in the southern Kyrgyz Tien Shan (w240e207 Ma) (Glorie et al., 2011; De Grave et al., 2012) , southwestern Chinese Tien Shan (w219e205 Ma) (Sobel and Dumitru, 1997; Jia et al., 2015) . Our study found that Late TriassiceEarly Jurassic AFT ages are also preserved in the Jurassic sediments of the Ming-Kush-Kökömeren Basin, located in the NTS of Kyrgyzstan west of the Song-Kul plateau, and confirm this Late TriassiceEarly Jurassic basement cooling phase.
The Late TriassiceEarly Jurassic phase of rapid basement cooling coincides with the deposition of >3 km Jurassic sediments in the Allen et al. (2001) and Bachmanov et al. (2008) . Central ages, minimum ages, dispersion and the P(c 2 ) test were calculated with the RadialPlotter software (Vermeesch, 2009) . 'n' is the number of analysed apatite grains. The radial axis on the right of the plot reflects the corresponding single grain-ages in Ma and the left scale of the plot shows the standard deviations from the central age. The horizontal axis reflects a decreasing uncertainty on the single grain-ages from the left to the right. The light blue shaded segment corresponds to the depositional age of the sample, and the red line corresponds to the youngest UePb age component for the sample from the study of De Pelsmaeker et al. (2018) . The available single grain confined track length data is displayed in yellow to red colours.
Yarkand-Fergana Basin (Sobel, 1999) , maximum 680 m of Jurassic sediments in the Ming-Kush-Kökömeren Basin, and the deposition of an alluvial fan conglomerate around 215 Ma in the Tarim (Dumitru et al., 2001) and Kuqa (Jolivet et al., 2013) basins. This phase of basement cooling is coeval as well with a stage of strikeslip movements along the TFF during the EarlyeMiddle Jurassic with an estimated fault displacement up to 70 km . Several Jurassic 40 Ar/ 39 Ar ages obtained on synkinematic mica of (mylonitic) granitoids, exposed in the TFF, provide evidence for fault activity at that time Rolland et al., 2013) . on which the new basement AFT data of samples of the Northern Tien Shan and Middle Tien Shan are plotted. The mean track length and mean zeta age are displayed on the vertical and horizontal axis, respectively. Samples with sufficient track length data (n > 50) are displayed as full squares, while the samples with insufficient track length data (n < 50) are displayed as open squares. The boomerang plot expresses the relation between AFT age and mean track length, indicative for cooling rate through the apatite partial annealing zone. Rapid basement cooling (130e100 Ma) through the apatite partial annealing zone is characterized by higher mean track lengths. Lower track lengths are characteristic for samples with an AFT age between 100 and 65 Ma, which indicates that these samples experienced a protracted cooling through the apatite partial annealing zone. analysed basement samples along the TFF, suggesting that the basement samples experienced a younger thermal overprint and/or post Early Jurassic denudation.
Late JurassiceCretaceous
Based on our basement results and in comparison with earlier published AFT data of the Kyrgyz Tien Shan as discussed in Section 5.1, we propose that the Kyrgyz Tien Shan east of the TFF experienced rapid basement cooling with associated topography building and exhumation during the Late JurassiceEarly Cretaceous (>130e100 Ma), followed by slow basement cooling during the Late Cretaceous.
Additional arguments for an uplifted, reactivated Tien Shan east of the TFF can be found in (1) the distribution pattern of the sedimentary deposits in and adjacent to the Tien Shan and (2) provenance indicators in the Cretaceous and early Paleogene sediments of the Tien Shan as outlined below. In the NTS and MTS east of the TFF, Late Jurassic and Cretaceous sediments are generally absent and also in the Turpan, southern Junggar, and northern Tarim basins to the east, a hiatus in the sedimentary record occurred from 120 to 100 Ma (Hendrix et al., 1992) . This is in contrast to the Fergana, Yarkand-Fergana and northwestern Tarim basins west of the TFF, where an almost continuous sedimentary record exist of Jurassic to Cenozoic sediments (Clarke, 1984; Lee, 1985; Sobel, 1999; De Pelsmaeker et al., 2018) . A recent sediment provenance study by De Pelsmaeker et al. (2018) reports detrital zircon UePb ages of the same Meso-Cenozoic stratigraphic sections and samples as discussed in this study. Their study indicates a gradual shift in sediment provenance during the Cretaceous based on the increasing dominance of Late OrdovicianeSilurian single grain UePb ages and decreasing dominance of PennsylvanianePermian single grain UePb ages in the sediments from the Fergana Basin from the Late Jurassic over the Cretaceous to the early Paleogene. Late OrdovicianeEarly Silurian zircon UePb ages are also reported in the Chinese part of the Yarkand-Fergana Basin by Yang et al. (2014) . Because Late OrdovicianeSilurian crystalline basement rocks are almost absent in the STS, but widespread in the NTS and in the MTS, it is thought that the NTS and MTS (mainly the Kyrgyz parts located east of the TFF) became the dominant sediment source for the Fergana basin during the Cretaceous (De Pelsmaeker et al., 2018) . A setting of uplift and exhumation of the NTS and MTS e with a Cretaceous AFT cooling signature e is in agreement with the Cretaceous AFT central ages found in the limited to non-reset Late Cretaceous (KS13-08) and early Paleogene (KS13-10 and pooled KS13-16/17/ 18) samples of both sections from the Fergana Basin (see Section 5.2). The TFF may have therefore played a pivotal role in the tectonic evolution and sediment distribution pattern of the Tien Shan.
In general, the discussed Early Cretaceous rapid basement cooling (130e100 Ma) in the Tien Shan may be related to the closure of the Bangong Ocean between Lhasa and Qiangtang ('soft collision') around 140e130 Ma and eventual slab break off around w113 AE 5 Ma (Hendrix et al., 1992; Kapp et al., 2007; Zhu et al., 2011 Zhu et al., , 2016 Chen et al., 2014; Glorie and De Grave, 2016) . In addition, the JurassiceCretaceous geodynamic evolution of Central Asia was marked by the diachronous closure of the Mongol-Okhotsk Ocean, connecting MongoliaeNorth China to Siberia (Zorin, 1999; Daoudene et al., 2009; Metelkin et al., 2010 Metelkin et al., , 2012 Wilhem et al., 2012) . Y.T. found that the major part of the Mongol-Okhotsk Ocean closed on a relative short time scale (10 Ma) around the latest Jurassiceearliest Cretaceous transition, before complete closure in the Early Cretaceous contemporaneously with the collision of Lhasa to Eurasia. However, the implications of the closure of the Mongol-Okhotsk Ocean on exhumation events in Kyrgyzstan are still debated, but it is accepted that the closure of the Mongol-Okhotsk ocean and collapse of the Mongol Okhotsk orogeny mainly affected the areas to the northeast of the Tien Shan, such as the Altai-Sayan region (De Grave et al., 2007 , 2009 Jolivet et al., 2013; Glorie and De Grave, 2016) , Gobi Altai (Vassallo et al., 2007; Li et al., 2016) and eastern Mongolia (Daoudene et al., 2009) . To summarize, it is most likely that the observed accelerated basement exhumation around 130e100 Ma (Fig. 7) is illustrative for the entire Central Asian geodynamic evolution, but it cannot be ruled out whether the Mongol-Okhotsk orogeny or Lhasa collision (or a combination of both) was the main cause of more rapid basement cooling in the Kyrgyz Tien Shan.
Cenozoic
The most recent reactivation of the Tien Shan initiates in the Oligoceneeearly Miocene, during which the India-Eurasia convergence caused major tectonic reactivation in large swathes of Central Asia (Molnar and Tapponier, 1975; Aitchison et al., 2007; De Grave et al., 2007; Bande et al., 2015b) . During this late Cenozoic reactivation, the TFF accumulated approximately 60 km of slip (Burtman et al., 1996; Alexeiev et al., 2017) , which was accommodated by the development of mountain building along the TFF and a clockwise rotation of the Fergana Basin (Thomas et al., 1993; Bande et al., 2015b) . The late Cenozoic reactivation is supported by a large dataset of basement and detrital AFT studies in the Kyrgyz Tien Shan (Bullen et al., 2001; Sobel et al., 2006a,b; Glorie et al., 2010 Glorie et al., , 2011 Glorie et al., , 2012b De Grave et al., 2011a , 2012 Macaulay et al., 2013 Macaulay et al., , 2014 Bande et al., 2015b Bande et al., , 2017 De Pelsmaeker et al., 2015) , northern Pamir front (Käßner et al., 2016) , central Chinese Tien Shan (Dumitru et al., 2001; Wang et al., 2009; Jolivet et al., 2010) , and the SW Chinese Tien Shan (Sobel et al., 2006a; Yang et al., 2014; Jia et al., 2015) and by various structural studies (e.g. Coutand et al., 2002) . Intensification of basement exhumation initiated since the late Miocene (Sobel et al., 2006a; Glorie et al., 2010 Glorie et al., , 2011 Macaulay et al., 2014; Glorie and De Grave, 2016) . Two partially-to-totally reset Jurassic detrital samples (KS13-22 and KS-106) of the Yarkand-Fergana Basin exhibit Oligocene (w25 Ma) and Miocene (w11 Ma) AFT central ages and constrain the timing of basin inversion. These results are consistent with the low-temperature thermochronological data from Bande et al. (2017) in which they found an Oligocene (w25 Ma) onset and late Miocene intensification of Cenozoic deformation of the western Kyrgyz Tien Shan.
Conclusion
This study presents apatite fission track (AFT) results for 20 crystalline basement rocks samples, 13 Mesozoic and 4 Early Cenozoic detrital sediments. Additional zircon (UeTh)/He and apatite UePb analyses were carried out on 2 crystalline basement rocks (AI-45 and KYR-05) as well. This multi-method approach allows to put further constraints on the Mesozoic evolution of the Kyrgyz Tien Shan. The following conclusions could be drawn:
(1) Evidence of a TriassiceEarly Jurassic basement exhumation event is preserved in Jurassic sediments exposed in the MingKush-Kökömeren Basin. These sediments experienced insufficient post-depositional heating in order to reset the inherited AFT age components. High mean track lengths (w13.5 mm)
characterize several Jurassic samples in the basin with central AFT ages w200 Ma. Rapid basement cooling around the TriassiceJurassic boundary might be linked to the closure of the Paleo-Tethys Ocean, more specifically, to far-field effects of the collision of the Tibetan Qiangtang Block to the Eurasian margin.
(2) Apatite fission track data, zircon (UeTh)/He ages and associated thermal history models obtained on granitoid basement samples exposed in the Middle and Northern Tien Shan east of the Talas-Fergana Fault indicate increased basement cooling rates during the Early Cretaceous (Barremian-Albian, w130e100 Ma). This is possibly an effect of the Lhasa collision to the Eurasian margin.
(3) In the same region, apatite fission track length data (w12 mm)
are particularly low for basement rocks with Late Cretaceous AFT ages, indicating slow cooling through the apatite partial annealing zone. These slowly cooled basement rocks of the Northern and Middle Tien Shan east of the TFF could represent the sediment source for the Late CretaceousePaleogene sediments deposited in the Fergana Basin based on their inherited Cretaceous AFT single grain ages. (4) The majority of the Mesozoic sediments of the Fergana Basin and especially the Yarkand-Fergana Basin experienced postdepositional burial reheating. This reheating caused fission track annealing, as evidenced by a decreasing central age and mean track length of the (Mesozoic) samples down in the stratigraphic section. In some cases, the samples even experienced reheating back in the apatite total annealing zone, effectively resetting the AFT system. For example, Jurassic sediments of the Yarkand-Fergana Basin yield reset AFT ages of 25.1 AE 1.8 Ma and 11.4 AE 0.9 Ma and constrain the timing of basin inversion in the Yarkand-Fergana Basin and late Cenozoic deformation in the western Kyrgyz Tien Shan as caused by the India-Eurasia collision.
